Chemical concentrations Wells are identified and numbered according to their location in the rectangular system for the subdivision of public lands. Identification consists of the township number, north or south; the range number, east or west; and the section number. Each section is divided into sixteen 40-acre tracts lettered consecutively (except I and O), beginning with "A" in the northeast corner of the section and progressing in a sinusoidal manner to "R" in the southeast corner. Within the 40-acre tract, wells are sequentially numbered in the order they are inventoried. The final letter refers to the base line and meridian. In California, there are three base lines and meridians; Humboldt (H), Mount Diablo (M), and San Bernardino (S). All wells in the study area are referenced to the Mount Diablo base line and meridian (M) except two wells in the San Bernardino base line and meridian (S). Well numbers consist of 14 characters and follow the format 020S020E09N01M. In this report, well numbers are abbreviated and written 20S/20E-9N1M. Wells in the same township and range are referred to only by their section designation, 9N1M. The following diagram shows how the number for well 20S/20E-9N1M is derived. 
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Conversion Factors
Multiply
By To obtain acre 0.4047 hectare foot (ft) 0.3048 meter mile (mi)
1.609 kilometer
Temperature is given in degree Celsius (°C), which can be converted to degree Fahrenheit (°F) by the following equation:°F =1.8(°C)+32.
Water-Quality Information
Chemical concentrations are given in milligrams per liter (mg/L) or micrograms per liter (|lg/L). Milligrams and micrograms per liter are units expressing the weight of the solute per unit volume (liter) of water. One thousand micrograms per liter is equivalent to 1 milligram per liter. Milligrams per liter is approximately equivalent to parts per million. Micrograms per liter is approximately equivalent to parts per billion.
Tritium concentrations are expressed in picocuries per liter (pCi/L) which can be converted to tritium units (TU) by dividing by 3.2.
Vertical Datum
Sea Level: In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929~a geodetic datum derived from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.
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Well-Numbering System
Wells are identified and numbered according to their location in the rectangular system for the subdivision of public lands. Identification consists of the township number, north or south; the range number, east or west; and the section number. Each section is divided into sixteen 40-acre tracts lettered consecutively (except I and O), beginning with "A" in the northeast corner of the section and progressing in a sinusoidal manner to "R" in the southeast corner. Within the 40-acre tract, wells are sequentially numbered in the order they are inventoried. The final letter refers to the base line and meridian. In California, there are three base lines and meridians; Humboldt (H), Mount Diablo (M), and San Bernardino (S). All wells in the study area are referenced to the Mount Diablo base line and meridian (M) except two wells in the San Bernardino base line and meridian (S). Well numbers consist of 14 characters and follow the format 020S020E09N01M. In this report, well numbers are abbreviated and written 20S/20E-9N1M. Wells in the same township and range are referred to only by their section designation, 9N1M. The following diagram shows how the number for well 20S/20E-9N1M is derived. 
INTRODUCTION
The presence of high selenium concentrations in shallow ground water and in agricultural drainwater in the western San Joaquin Valley, California, was identified as the most probable cause of high mortality and deformity rates of waterfowl in the Kesterson National Wildlife Refuge near Kesterson Reservoir (Deverel and others, 1984; Presser and Barnes, 1984; Ohlendorf and others, 1986 ). This has caused concern that selenium or other trace elements may be present in potentially toxic concentrations in shallow ground water areas of the Tulare Basin in the southern one-third of the San Joaquin Valley ( fig. 1 ).
Previous studies of shallow ground-water quality and related issues in the Tulare Basin involved sampling of agricultural drain sumps (California Department of Water Resources, 1985 Resources, ,1986 and drainwater evaporation pond inlets and basins (California Regional Water Quality Control Board, 1988) . Fujii (1988) evaluated drainwater evaporation pond inlets and basin water quality and Schroeder and others (1988) evaluated drainwater related effects near Tulare Lake Bed. These reports identified areas with dissolved selenium concentrations as high as 919 jlg/L (micrograms per liter), confirming that selenium is present in toxic concentrations associated with high mortality and deformity rates. The sampling represented a small part of the 886,000 acres mapped in the Tulare Basin with ground water within 20 ft of land surface (California Department of Water Resources, 1987) .
Because of these water-quality concerns, the U.S. Geological Survey began a cooperative study of the shallow ground water in the Tulare Basin with the California Department of Water Resources and the San Joaquin Valley Drainage Program. The primary objective of this report is to characterize the quality of shallow ground water in the Tulare Basin. Water samples for chemical analyses were collected within 20 ft of land surface where dissolved trace elements might contribute to potentially toxic conditions for waterfowl and animals that use agricultural drainwater evaporation ponds. In addition to major ions and selected trace elements, the analyses included tritium, the stable isotopes of hydrogen and oxygen (deuterium and oxygen-18), and nitrogen and phosphorus.
Introduction 1
120°aO' R. 15E.
120°00'
R. 20 E.
119°30'
R. 25 E.
119°00'
R. 30 E. The initial study area was defined as the 886,000-acre area in the Tulare Basin where ground water is within 20 ft of land surface (California Department of Water Resources, 1987) . Existing observation wells were used where possible and additional wells were installed where necessary. Well density averaged about four per township, or one every 6,000 acres. Most existing and new wells were in a right-of-way along public and private roads.
METHODS
Water samples were collected using peristaltic pumps. Typically, wells were pumped until at least three well-casing volumes were withdrawn and the general chemical character of the water had stabilized, as indicated by relatively constant specific conductance and pH, prior to sampling. Standard field methods (U.S. Geological Survey, 1980) were used to collect samples for laboratory analyses.
Chemical analyses were done by or in cooperation with the U.S. Geological Survey National Water Quality Laboratory, Denver, Colorado, using standard methods (Fishman and Friedman, 1989) . Hydrogen, oxygen, and tritium isotopic concentrations were determined in the Isotopic Fractionation Laboratory of the U.S. Geological Survey, Reston, Virginia.
For quality assurance purposes, analytical results were reviewed on receipt. Verification or duplicate analyses were requested if reported values were unexpectedly high or low. Ten of the 117 wells were randomly selected for duplicate sampling and laboratory analyses; values for duplicate samples were consistent. Three of the 117 wells sampled were resampled in January 1990 to verify high selenium concentrations; all initial concentrations were verified.
WATER-QUALITY DATA
In the study area, 55 existing shallow wells were identified as suitable for sampling and 62 additional wells were drilled for the study. A well was considered suitable if the well location was consistent with the desired distribution of wells in the study area; the well was constructed with plastic pipe with a cap at the bottom; and the yielding rate of the well allowed sampling within 3 hours. Locations suitable for wells were restricted by extensive flood-irrigation agricultural practices (the dominant land use), irrigation canals and reservoirs, drainwater ditches and drainwater evaporation ponds, and access to private property. As a result, most wells were on or adjacent to a right-of-way along public and private roads. The 886,000 acres identified with ground water within 20 ft of land surface (California Department of Water Resources, 1987) was reduced by about 88,000 acres in sparsely irrigated parts of Kern County and adjacent Tulare County where the water table was greater than 20 ft below land surface. Private lands in Kings County, immediately north of Kern County, and on the Buena Vista Lake Bed in Kern County that were completely inaccessible, further reduced the study area by about 102,000 acres, to an effective total area of 696,000 acres.
Water samples were collected from 117 shallow observation wells in the Tulare Basin ( fig. 1 ) from May to August 1989. The wells had a median depth of 19 ft, with a range of 12.1 to 24.9 ft. Most wells were screened in the lower 10 ft and were completed in valley-fill sediments deposited in differing alluvial, fluvial, paludal, and lacustrine environments predominantly derived from sedimentary and igneous sources.
The well location and characteristics, and chemical analyses of 34 dissolved constituents for 117 wells in the Tulare Basin are given in tables 2 through 5 (at back of report). These properties included specific conductance (a measure of salinity), pH, major ions, dissolved solids (by summation), selected trace elements (including arsenic, boron, mercury, molybdenum, selenium, and uranium), nutrients, organic carbon, tritium, and stable isotopes. These dissolved constituent concentrations are summarized in table 1.
Dissolved constituent concentrations in the shallow ground water sampled are characterized by wide ranges, typically by a factor of 100 to 1,000 between the minimum and maximum concentrations. Sixteen of the 34 constituents reported have minimum concentrations less than the analytical limit of detection, which makes their actual minimum concentrations unknown. For all but two of the constituents (pH and silica), median concentrations are in the first quartile of the reported ranges. (The median represents the point in the range where 50 percent of the observations are greater than and 50 percent are less than the indicated value).
The distribution of values for salinity (measured as specific conductance), dissolved solids, and selected trace elements are shown in boxplots ( fig. 2 ). The boxplots graphically represent the main features of selected data sets summarized in table 1. However, in order to make effective use of this technique, several modifications of the data set were necessary: (1) The three to five highest concentrations were replaced by the next highest concentration, allowing a 2-to 10-fold reduction in the range represented in the scale; (2) one value was randomly selected from each pair of duplicate samples and represented in the boxplots; and (3) less than (censored) values were incorporated at one-half the reported detection limit.
Trace-element concentrations reported also generally vary by a factor of 100 to 1,000, with the exceptions of barium, chromium, and mercury. Mercury has the smallest apparent range, less than 0.1 to 0.6 jig/L. Areal distributions of dissolved solids, arsenic, boron, molybdenum, selenium, and uranium are shown in figures 3-8. 
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EXPLANATION
RESULTS
The quality of shallow ground water in the Tulare Basin is characterized by a high degree of variability. Concentrations of dissolved solids range from 176 to 91,900 mg/L (milligrams per liter), with a median concentration of 4,440 mg/L. Salinity, expressed as specific conductance, ranges from 288 to 102,000 |4,S/cm (microsiemens per centimeter), with a median of 5,450 |4,S/cm. By comparison, drinking water typically is less than 750 |o,S/cm, irrigation water is less than 1,250 |4,S/cm, and seawater is about 50,000 joS/cm. Sodium is the dominant (50 percent or greater) major cation in 89 of the 117 wells sampled, calcium is dominant in 8, and magnesium in 2. There is no dominant cation in 18 of the wells sampled. Sulfate is the dominant anion in 68 of the 117 wells sampled, bicarbonate is dominant in 18, and chloride in 11. There is no dominant anion in 20 of the wells sampled.
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